Background/Purpose: Soft tissue loss over the ankle and heel is a challenging issue for reconstructive surgeons. The aim of this study is to present the technique of using sural neurocutaneous flap and analyse the results. Methods: From 2002 to 2014, 15 cases of sural flap were performed in the Department of Orthopaedics and Traumatology of United Christian Hospital, Hong Kong. All cases were handled by two hand surgeons. The outcomes and complications were reviewed retrospectively. Results: The aetiology included trauma (6 cases), neoplasm (4 cases), Achilles tendon repair wound complication (3 cases) and ulcer (2 cases). The age of patients ranged from 21 years to 82 years (average, 61.9 years). The size ranged from 12 cm 2 to 99 cm 2 . The mean follow-up period was 20 months. Eleven flaps healed successfully without significant complications. Conclusion: Sural neurocutaneous flap is a reliable flap design with constant vascular anatomy. There is minimal donor site morbidity, and no major vessels are sacrificed. It provides a durable, pain-free, functionally and aesthetically satisfying coverage for ankle and heel wounds.
Introduction
Soft tissue loss at the level of ankle and heel often presents a challenging problem to orthopaedic surgeons because of the lack of local soft tissue for coverage. It is also usually associated with poor or marginal circulation. Tendons and bones are commonly exposed because of the relatively thin subcutaneous tissue. The functional demands over this area such as weight bearing and shoe wear warrant a surgical procedure of coverage.
To cover skin defects over lower limbs, various choices can be used from delayed healing to free flaps. Delayed healing and skin graft are not suitable to cover exposed tendon and bone. Skin graft is also difficult to perform with the lack of a well-nourished soft tissue base. The use of local transposition flaps is restricted by their limited size and arc of rotation. Free flap can provide good coverage especially for large defects, but it requires microvascular expertise, sophisticated equipment, and lengthy procedure.
Fasciocutaneous flaps with distal pedicles have become another useful option in the repair of soft tissue defects of the lower leg. A detailed description of the sural flap anatomy and surgical procedure was given by Masquelet et al 1 in 1992 . Its vascular axis is the median superficial sural artery, the accompanying artery of the sural nerve and lesser saphenous vein. The sural flap is based on the distal peroneal septocutaneous perforators. The aim of this study was to evaluate the outcomes of the distally based sural neurocutaneous flap for coverage of ankle and heel wounds.
Methods
From 2002 to 2014, we performed 15 cases of sural flap on 14 patients in the Department of Orthopaedics and Traumatology of United Christian Hospital (Hong Kong). This is a retrospective case review. We assessed the outcomes and complications as well as risk factors such as aging, diabetes mellitus, and peripheral vascular disease which should not be the contraindications to sural flap. All cases were handled by two hand surgeons.
Operative technique
The patients were placed in the prone or lateral position. With the guidance of Doppler ultrasound, the lowermost septocutaneous perforator of the peroneal artery was located and marked at~5 cm proximal to the lateral malleolus. A line was drawn from the midpopliteal fossa between the two heads of gastrocnemius muscles to the midpoint between the Achilles tendon and the lateral malleolus. It represents the course of the sural nerve and the lesser saphenous vein. The flap skin paddle was also along this line as its central axis. The pedicle length and flap location were designed according to the distance between the planned pivot point and the defect (Figure 1 ). The design and the size of the flap were determined by the soft tissue defect.
Tourniquet was applied without exsanguination. The proximal margin was dissected first. The deep fascia was incised. The lesser saphenous vein, the sural nerve and the median superficial sural artery were identified and included in the flap (Figure 2 ). Anchoring stitches were placed to avoid separation of skin and fascia. The flap was elevated from proximally to distally with longitudinal strip of fascia containing the nerve, the vein and the accompanying artery. The skin extension was left over the pedicle. The width of the adipofascial pedicle was~3 cm, and the pedicle dissection stopped at the pivot point that was at least 5 cm above the lateral malleolus ( Figure 3 ). We routinely released the tourniquet to check the perfusion of the flap after harvesting it. Bipolar diathermy was used to control all bleedings. We did not reinflate the tourniquet during insetting and the rest of the procedure. The flaps were rotated and passed through a subcutaneous tunnel to cover the defects in the first four cases. In the subsequent 11 cases, the flaps were transposed through an open tunnel with splint thickness skin graft covering the exposed pedicles ( Figures 4 and 5) .
Postoperatively, a dorsal plaster of Paris slab was applied for 2 weeks to keep the ankle in plantar flexion so as to decrease stretching of the pedicle. The operated leg was elevated without pressure on the vascular pedicle. We also marked "No Pressure" in red on the dressing surface overlying the area of the flap. This helps to remind the nursing staff not to put the foot on the bed or a pillow, which may press onto the pedicle or flap. Dextran 40 infusion (in 500 mL normal saline) over 4 hours daily was given for 3 days. Nonweight bearing was prescribed for 4 weeks in total ( Figure 6 ). 
Results
There were eight males and six females, whose age ranged from 21 years to 82 years (mean age, 61.9 years). The defects were located around the posterior heel in nine cases, medial malleolus in three cases, lateral malleolus in two cases, and heel pad in one case. The aetiology included trauma in six cases, neoplasm in four cases, Achilles tendon repair wound complications in three cases and ulcers in two cases. Four patients had diabetes whereas one patient had peripheral vascular disease. The follow-up time ranged from 5 days to 5 years (mean, 20 months; Table 1 Eventually, above-the-knee amputations were still required in both patients. One case (6.7%) suffered from partial necrosis, which healed by secondary intention. So the remaining 11 flaps healed successfully without significant complications. One patient (6.7%) complained of annoying numbness over the lateral border of the foot after a sural flap procedure. There was no significant donor-site morbidity.
Discussion
In 1992, Masquelet et al 1 reported the blood supply to the skin from the arteries accompanying the superficial sensory nerves and defined flaps according to the vascular axes of the sural and saphenous nerves. They identified a superficial sural artery arising from the popliteal artery. It follows the course of the sural nerve and then emits numerous branches to the skin at the lower half of the leg along the suprafascial course. Three to five septocutaneous perforators come from the peroneal artery and anastomose with the vascular network of the nerve. These anastomoses are constant. 1 Other clinical series basing on this vascular anatomy also showed that the sural neurocutaneous flap is reliable with many advantages. A relatively large flap can be harvested with little donor-site morbidity. Dissection of the flap is easy with no sacrifice of any major artery, whereas microvascular anastomosis is not required. It can provide a wide arc of rotation over the pivot of the pedicle to cover the defects on heel, ankle, and hindfoot. This fasciocutaneous flap is also durable even on these weight-bearing areas. One of our cases was also successfully managed at the site of the heel pad. Flap complications were recorded in 26.4% of cases with a flap loss rate of 3.2%. 2 Common complications include sensory loss over the lateral side of the foot and leg, infection, and flap necrosis. Some authors suggested that the sural nerve must not be taken with the flap, whereas others observed flap necrosis in some sural nerve-preserving cases. 3 Dissecting off the sural nerve could damage sural flap circulation because of the dense interconnection between the vascular structures and the nerve. 4 Although including the sural nerve in the flap may cause the disturbing sensory loss, an adequate blood supply as well as flap survival are more important to patients with chronic wounds. Hence, in all of our cases we included the sural nerve in the flap, resulting in only one patient who complained of the related numbness. Another concerning reason for partial necrosis is venous congestion. Some measures have been proposed to decrease venous congestion. For the venous drainage, vein valves in the lesser saphenous vein are a significant hindrance for reverse venous flow. To bypass this, the venae comitantes of the accompanying artery of the lesser saphenous vein are considered to be important as they have several anastomoses with it and have weak valve resistance. 5 A wider pedicle of~3 cm was suggested to include a more extensive network of communicating vessels so as to achieve better venous drainage. 6 In early postoperative period, a dorsal slab was applied to keep the ankle in plantar flexion as in this position, wherein the tension of the vascular pedicle should be minimised. The operated leg was also elevated without any contact pressure on the vascular pedicle to decrease venous congestion. We adopted the above measures in our cases. In our study, the fourth case was complicated with partial necrosis in which the flap was passed through the subcutaneous tunnel. After that, the pedicles were rotated and passed through an open tunnel between the pivot point and the defect in subsequent 11 cases. Skin grafting over the open tunnel was completed in a single operation. No partial necrosis was noticed in these 11 cases. It was believed to prevent pressure on the pedicle, which may affect arterial supply and venous return because of the tight subcutaneous tunnel. 7 Several studies have also assessed the risk factors or any contraindications, such as age, smoking, peripheral vascular disease, venous insufficiency, and diabetes mellitus, associated with flap complications. One retrospective study in 2009 reviewed 58 cases of reverse sural flap. 8 Significantly higher major and minor complication rates were seen in older patients and patients with a history of smoking, obesity, diabetes, or peripheral arterial disease. Multivariate regression analysis identified smoking as the risk factor most independently associated with any reverse sural flap complication. Also, a systematic review in 2014 analysed 61 papers including 907 patients with the use of distally based sural flap to identify risk factors associated with complications. 2 With multivariate analysis, venous insufficiency and increasing age were identified as independent risk factors for complications. Patients with venous insufficiency had nine times the risk of developing a complication compared to patients without venous insufficiency. In our small pool of patients, some elderly individuals with diabetes mellitus and other medical comorbidities could still achieve good flap healing. However, two cases of ischaemic ulcer with MRSA infection still required above-the-knee amputation after the flap surgery. This may suggest that sural flap may not be a reliable option for patients with ischaemic or atraumatic ulcers, which are prone to have infection. Sural flap cannot help to control infection. We should control all infections, including MRSA, prior to proceeding to sural flap surgery via repeated radical debridement and proper antibiotic treatment. Further studies should be carried out to review the measures and outcomes for this particular group of patients with a larger case number.
Conclusion
The distally based sural neurocutaneous flap is a reliable flap with constant vascular anatomy. There is minimal donor-site morbidity, and no major vessels are sacrificed. It provides a durable, pain-free, and functionally and aesthetically satisfying coverage of ankle and heel wounds.
